内モンゴル草原における現存量と種組成の変動および優占種2種の乾燥年における総一次生産力 by 胡 暁星 & XIAOXING HU
Annual Variability of Biomass and Species
Composition, and Gross Primary Productivities
of Two Dominant Species in Dry Year in Inner
Mongolian Grassland
著者（英） XIAOXING HU
内容記述 この博士論文は内容の要約のみの公開（または一部
非公開）になっています
year 2019
その他のタイトル 内モンゴル草原における現存量と種組成の変動およ
び優占種2種の乾燥年における総一次生産力
学位授与大学 筑波大学 (University of Tsukuba)
学位授与年度 2018
報告番号 12102甲第9066号
URL http://hdl.handle.net/2241/00156391
  
 
 
 
 
 
 
Annual Variability of Biomass and Species 
Composition, and Gross Primary Productivities of 
Two Dominant Species in Dry Year in Inner 
Mongolian Grassland 
 
 
 
 
 
 
 
 
 
 
 
January 2019 
 
 
Xiaoxing HU 
  
  
 
 
Annual Variability of Biomass and Species 
Composition, and Gross Primary Productivities of 
Two Dominant Species in Dry year in Inner 
Mongolian Grassland 
 
 
 
 
 
 
 
 
A Dissertation Submitted to 
the Graduate School of Life and Environmental Sciences, 
the University of Tsukuba 
in Partial Fulfillment of the Requirements 
for the Degree of Doctor of Philosophy in Agricultural Science 
(Doctoral Program in Biosphere Resource Science and 
Technology) 
 
 
 
Xiaoxing HU
iii 
 
CONTENTS 
 
Abbreviations .................................................................................................................................. v 
Chapter 1 General introduction..................................................................................................... 1 
1-1 Background ................................................................................................................................ 1 
1-2 General objectives ...................................................................................................................... 5 
Chapter 2 Overview of the study area ........................................................................................... 7 
2-1 Geographical position ................................................................................................................ 7 
2-2 Climate ....................................................................................................................................... 7 
2-3 Vegetation................................................................................................................................... 8 
2-4 Soil ............................................................................................................................................. 8 
2-5 Social environment .................................................................................................................... 9 
Acknowledgements........................................................................................................................ 12 
References ...................................................................................................................................... 14 
 
  
iv 
 
Figure 2.1 Location of the study site in Xin Barag Right Banner, Hulunbeir, Inner Mongolia, China.
 ........................................................................................................................................................ 10 
Figure 2.2 Photographs of the three intensities areas in Xin Barag Right Banner. ......................... 11 
 
  
v 
 
Abbreviations 
 
NEP  net ecosystem production 
GPP    gross primary production 
NPP    net primary productivity 
PUE    precipitation use efficiency 
ER     ecosystem respiration 
TR     transpiration rate 
WUE   water use efficiency  
EV     estimated volume  
EB     estimated biomass 
AGB   aboveground biomass 
BGB   belowground biomass 
PAR   photosynthetically active radiation  
SWC   soil water content  
PVC transparent polyvinyl chloride 
      
 
1 
 
Chapter 1 General introduction 
 
1-1 Background 
Grassland is the main biome on the earth and occupies a fifth of the land surface area. 
Grasslands are play a fundamental role in nature conservation and currently estimated 
to contribute to the livelihoods of over 800 million people (Reynolds et al. 2005) and 
provide a series of ecosystem goods and services such as fodder provision, soil stability 
and fertility including C sequestration, as well as water and climate regulation (de Bello  
et al. 2010). It is both an important geographical barrier and a natural defense that 
prevents the spread of the desert and acts as an ecological barrier. In addition, it is also 
a natural base for the development of animal husbandry. From Hungary to northeastern 
China, a vast Eurasian grassland of about 250 million hectares spreads in a belt-like 
manner on the Eurasian Continent (Archibold 1995). The average annual rainfall is 
about 150 to 600 mm. Also, there are significant differences in grassland vegetation 
distribution and community species composition (Sochava 1979; Hilbig 1995). 
Eurasian grasslands have been used sustainably for agriculture and as pasture by 
pastoralists, but recently the regeneration of grassland and desertification by overuse 
has progressed and the sustainability is being lost (Gibson 2009). 
 Grassland in China is about 400 million hectares, accounting for 41% of the 
country's land area, and the main type is temperate steppe (Chen 2008; Squires et al. 
2010; Suttie et al. 2005). Studies on the distribution of grassland vegetation and species 
composition of communities are central contents in grassland ecology (Chen et al. 
2010). Grassland degeneration is one of the most serious environmental problems in 
China and globally. The long-term inappropriate use of grassland and interaction of 
climate change, amongst other factors, have resulted in grassland degeneration (Cui et 
al. 2012). Grassland degeneration is a transition, destabilizing the ecosystem by grazing 
pressure, land clearance, and grass cutting, etc. (Li 1990). As of 2010, the grazing 
pressure in China has possibly exceeded by about 20% to 30% of the grassland's 
environmental capacity (Liu 2010). Factors of desertification and degeneration are not 
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uniform in grasslands, which include reduced rainfall owing to climate change, artificial 
factors owing to different grazing methods, and social factors owing to excessive 
economic activity (Xuri et al. 2008). 
 In the Inner Mongolia Autonomous Region of China, more than 70% of the total 
area is occupied by grasslands and pastoralism is the main industry (Bao et al. 2005; 
Ito et al. 2006). The grassland in Hulunbuir, Inner Mongolia is the main body of 
northern China and should play a protective role against desertification with the Greater 
Khingan Mountains. Xin Barag Right Banner in Hulunbuir is a livestock industry area 
of Inner Mongolia and is connected with Russia and Mongolia. However, recently, with 
the combined effects of drought induced by climate change, overgrazing, and human 
disturbance, the degeneration of the inner Mongolian grassland has become a serious 
problem and desertification is increasing (Kawada et al. 2011). Even at the Xin Barag 
Right Banner, owing to the rapid growth in meat demand within China, the numbers of 
livestock have inevitably increased, and vegetation regression owing to overgrazing has 
occurred. In the Inner Mongolian grassland, which occupies 25% of the total grassland 
area in China, the challenge is to improve productivity and prevent degeneration of 
grassland (Ito et al. 2006). Abundant evidence has demonstrated that grazing changes 
species composition, community structure, and ecosystem functioning, especially in 
arid and semiarid grassland. Cheng et al. (2013) showed that grazing pressure and 
cultivation activity changed grassland species composition from plant sociological 
classification, possibly resulting in a decrease in the number of species in the area. 
However, according to McIntyre and Lavorel (2001), Liu F et al. (2012), Konagaya et 
al. (2005), Li (1995), grazing activities, including trampling with livestock feeding, 
changes species composition, abundance, and community characteristics. Both 
livestock stepping on grasslands, and sheep eating grass near the earth are resulting in 
overgrazing (Konagaya et al. 2005; Li 1995). Continuous severe grazing activities 
cause the degradation of vegetation coverage, height, biomass, etc. (Zhao and Zhao 
2005). Therefore, going forward, to protect the grassland for its sustainable use, it is 
necessary to clarify the influence of overgrazing on vegetation. 
 Changes in species composition can occur as a result of (Nakamura et al. 1998, 
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2000; Wuyunna et al. 1999, 2011; Li et al. 2008; Cheng et al. 2011). According to 
Nakamura et al. (2000), the abundance of Leymus chinensis and Stipa krylovii are 
decreasing owing to an increase in grazing pressure, and Carex korshinsky and Allium 
polyrhizum are increasing. In addition, as the grazing intensified, the vegetation 
biomass decreased, but the species composition remained unchanged. However, 
grazing pressure changed the order of the constituent species of the community 
(Wuyunna et al. 1999). Also, it has been shown that vegetation biomass and species 
composition changed, and vegetation regressed as grazing pressure increased 
(Nakamura et al. 1998; Jiang and Zhou 2002; Sun et al. 2007; Yan and Tang 2007). 
However, studies on the relationship between the annual variation of grassland species 
composition and grazing pressure in Hulunbuir grassland are limited. 
However, it has been shown that climatic conditions also have a great influence on 
changes in species composition in arid areas, with respect to the annual variation of 
grassland vegetation (Cheng et al. 2011; Sasaki et al. 2009). However, precipitation 
regimes have been predicted to change in the future. Báez et al. (2013) showed that as 
climate patterns have predicted decreases in rainfall frequency in the future, drought 
frequency could also increase. Therefore, it is necessary to understand how grassland 
respond to future climate models on the Mongolian grassland where the climate is 
predicted to be drier and hotter in the coming decades. 
Gao and Reynolds (2003) and Li et al. (2005) showed that grasslands in arid and 
semi-arid areas are ecologically vulnerable and sensitive to climate variation and human 
disturbances, especially to changes in rainfall events (Sala et al. 1988; Knapp and Smith 
2001; Ma et al. 2007; Guo et al. 2012). Photosynthetic activity is the foundation for 
growth, biomass production, and carbon accumulation of plants. Robertson et al. (2009) 
showed that the response of a community is an integrated product of the responses of 
individual species; therefore, examining the responses of species is essential to 
understand the response of the community. Thus, to demonstrate the response of 
grassland species communities to changeable precipitation, I measured the net 
ecosystem production (NEP) and gross primary production (GPP) of the dominant 
species of the grassland in the summer for three years. Li et al. (2014) determined the 
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productivity response of L. chinensis, a dominant perennial grass in semi-arid 
grasslands in Inner Mongolia, to different precipitation regimes. Additionally, Sun and 
Du (2017) explored the effect of climate on net primary productivity (NPP) and 
precipitation use efficiency (the ratio of aboveground productivity to precipitation, 
PUE) and reported that NPP increased with precipitation, whereas PUE decreased. 
Although most of the previous studies were based on annual productivity, which reflects 
all the precipitation events over the entire year (Hooper and Johnson 1999; Harpole et 
al. 2007), the patterns of precipitation events may change greatly in a year. Guo et al. 
(2016) reported that N enrichment significantly increased the total GPP in response to 
a temporal rainfall event in an Inner Mongolian grassland. Their study shows that the 
productivity also responds to temporal rainfall events (Guo et al. 2016). Thus, to more 
accurately predict the influence of rainfall on productivity, an understanding of how 
productivity responds to temporal rainfall events is necessary. Additionally, an 
understanding of the influence of rainfall regimes on different types of species is also 
necessary. 
 Several studies examined the responses of different species to changes in rainfall or 
drought. Liu Y S et al. (2012) demonstrated that two species (L. chinensis and Stipa 
grandis) in an Inner Mongolian grassland had different responses in biomass to changes 
in rainfall. As shown in the study of Chen et al. (2013), the responses of growth to 
drought stress were significantly different between S. grandis and S. krylovii in an Inner 
Mongolian grassland. Similar studies have also been conducted for different species in 
other regions. In alpine grassland on the Qinghai-Tibetan Plateau, Zhang et al. (2009) 
demonstrated differences in NEP among three species and discussed the underlying 
mechanisms that the aboveground biomass and soil water content might contribute to 
the differences among the three species. In the same region, Hirota et al. (2006) 
compared four wetland species and found that water depth was the major environmental 
driver of NEP seasonal variation. Robertson et al. (2009) reported that three dominant 
species with different functional traits differed in response to the variation in the annual 
amount and patterns of precipitation in a grassland of North America. Dasylirion 
leiophyllum, a C3 shrub species, responded to frequent, large precipitation events, 
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whereas Bouteloua curtipendula, a C4 grass species, was correlated with frequent, small 
summer rainfall events with short interval periods, and Opuntia phaeacantha, a 
crassulacean acid metabolism (CAM) succulent species, was responsive to small winter 
and fall rainfall events with short interval periods. 
 Many ecological studies have been conducted with S. krylovii and A. polyrhizum, 
which are two widely distributed dominant perennial C3 species in Inner Mongolian 
grasslands (Cheng et al. 2013). S. krylovii community is a major grassland community 
type in the moderate temperate zone of central Asia and is distributed over a large area, 
forming important pasture in Inner Mongolia. According to Zhao et al. (2006), S. 
krylovii is a perennial tussock grass that is rich in nutrients and palatable for livestock. 
Chen et al. (2013) reported that S. krylovii utilizes a tolerance strategy for drought stress. 
Although A. polyrhizum is also a perennial tussock grass, the A. polyrhizum community 
is considered to be a degraded grassland type, and the expectation is that A. polyrhizum 
will increase as grassland deteriorates (Cheng et al. 2013). Regarding physiological 
features, Ivanov et al. (2004) characterized A. polyrhizum by the high photosynthetic 
rate under conditions of sufficient water supply. Therefore, the two species are of 
considerable ecological importance and apparently have comparable physiological 
features relating to drought and the rainfall regime. Clarifying the ecophysiological 
features of these two species will provide a comprehensive understanding of the 
response of the ecosystem in an Inner Mongolian grassland. 
Abundant evidence has demonstrated that climate change, overgrazing, and land use 
change are the key causes for decreasing grassland coverage, loss of biological diversity, 
and degradation of grassland ecosystem functions (Li 2012; Liu et al. 2013). 
Understanding the effects of these factors is critical to grassland management. 
 
1-2 General objectives 
My studies were carried out in a typical grassland in Inner Mongolian, including light 
(L), medium (M), heavy (H), and forbidden (F) grazing areas. To accurately evaluate 
the influence of grazing on vegetation, the influence of climate changes, especially 
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precipitation variation, on biomass, species composition, and productivity of grassland 
vegetation, it is necessary to include annual and temporary variation. However, 
although Xin Barag Right Banner is an important grazing area in Inner Mongolian, 
there are several studies on grazing pressure and species composition of vegetation 
(Cheng et al. 2013) and GPP variation of species, but limited studies about annual 
fluctuations and temporary precipitation. Therefore, my knowledge about how species 
from the same community differ in their responses to changes in rainfall amount and 
pattern remains poorly understood. Therefore, the general objectives of this study were 
the to: 
(1) analyze and evaluate the effects of overgrazing and rainfall patterns change on 
the vegetation composition and productivity in the grassland of the Xin Barag Right 
Banner; 
(2) demonstrate the relationships between GPP and environmental conditions 
(temperature and light intensity) for S. krylovii and A. polyrhizum;  
(3) determine the effect of a temporal rainfall event on the GPP of the two species in 
a dry year;  
(4) compare and determine the effect of a rainfall event on the GPP of the two species 
between a wet year and dry years; and 
(5) ascertain which species is more sensitive to temporal and long-term rainfall.  
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Chapter 2 Overview of the study area 
2-1 Geographical position 
Inner Mongolia (37°24′–53°23′N, 97°12′–126°04′E) is located in the eastern steppe 
regions of Eurasia. It is classified as a provincial-level division in China. It stretches 
2,400 km from West to East and 1,700 km from North to South. Inner Mongolia is the 
main body of northern China and should play a protective role against desertification 
with the Greater Khingan Mountains. There are eight provinces and regions in its South, 
East and West, and Mongolia and Russia in its North.  
My study site (lat. 48°32′N, long. 117°00′E, 500–650 m above sea level) is located 
in Xin Barag Right Banner, Hulunbuir, Inner Mongolia, China (Figure 2.1). Xin Barag 
Right Banner is located at lat. 43°05′N, long. 141°20′E of the Kherlen River basin in 
the eastern Mongolian grassland. It is a livestock industry area of Inner Mongolia and 
is connected with Russia and Mongolia.  
In the present study, owing to grazing intensity, we set up four survey areas including 
light, medium, heavy, and forbidden grazing areas based on grazing strength in the 
grassland of Xin Barag Right Banner (Figure 2.1, 2.2). I will give a detailed 
introduction to the four survey areas in Chapter 3, 3-2-1. 
 
2-2 Climate 
The climate of Inner Mongolia is a temperate monsoon type. It is characterized by 
low and variable precipitation, and tremendous changes of temperature. Winter lasts for 
a very long time with freezing cold temperatures. The annual precipitation is about 50–
450mm from West to East. January is the coldest month from -10 to -32°C. Summer is 
warm and short for just one or two months. The hottest month usually comes in July 
with the highest temperatures of 36 to 45°C. 
The annual average temperature and precipitation in Hulunbuir is -5 to 2°C and about 
400 mm and that in Xin Barag Right Banner, Hulunbuir for 1958–2014 were 1.7°C and 
242 mm. The annual average integrated temperature was 2,600–2,700°C (raw period) 
(Wuyunna et al. 2012). I only utilized the precipitation data of the vegetation growing 
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season, according to climatic conditions in my study area, and my survey was 
conducted in late July for 2012–2016; thus, only rainfall data for March to July were 
utilized.  
 
2-3 Vegetation 
The grassland area in Hulunbuir is about 8.7 × 104 km2 and with available grassland 
area of 7.4 × 104 km2. The distribution from East to West is meadow steppe semi-arid, 
and arid. 
The grassland in Xin Barag Right Banner is classified as a typical temperate 
grassland and dominated by S. krylovii and Cleistogenes squarrosa (Wuyunna et al. 
2009, Cheng et al. 2013). Other common species as follow: 
annual grass: Chenopodium acuminatum, Salsola collina, Bassia dasyphylla.  
biennial grass: Chamaerhodos erecta. 
perennial grass: Allium polyrhizum, Allium ramosum, Artemisia adamsii, Leymus 
chinensis, Carex korshinskyi, Potentilla bifurca, Agropyron cristatum. 
small semi shrub: Artemisia frigida, Ptilotrichum canescens. 
dwarf shrub: Caragana stenophylla. 
 
2-4 Soil 
The main soil type in Hulunbuir grassland in Inner Mongolia is Kastanozems (Lin et 
al. 2013), which is the type mainly distributed in typical grassland. The pH (H2O) of 
the surface soil was 6.5–8.0, which was neutral to weakly basic, however, as the depth 
of the soil deepened, the value of pH (H2O) increased. The amount of organic carbon 
and total nitrogen was 9.17–30.05 (g • kg-1) and 1.05–2.92 (g • kg-1), respectively (Kanda 
2015). The soil hardness, organic matter content and total nitrogen in the 0-10 cm soil 
layer were 14.10 ± 0.46 mm, 2.7 ± 0.1% and 3.90 ± 0.28 g • kg-1, respectively (Lin et 
al. 2013). The total nitrogen and bacteria amount of soil in the light, medium, heavy 
grazing areas were significantly different, and with the grazing intensities increased, 
the total nitrogen and bacteria amount decreased (Lin et al. 2013).  
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2-5 Social environment 
In ancient times, the people in Inner Mongolia lived a nomadic life; therefore, there 
was no overgrazing. However, as cultivation developed, the traditional life style 
changed, from stockbreeding to farming and from nomadism to fixed pasture 
(Shinchilelt 2014). It has been an unresolved problem in livestock husbandry as to how 
herdsmen redispose seasonal grassland with the mode of production from changing 
nomadism to fixed pasture utilization in the warm season and house feeding in the cold 
season. Recently, even in Xin Barag Right Banner, with tourism development, and the 
rapid growth in meat demand within China, the numbers of livestock raised has 
increased accordingly, and degeneration and desertification of grassland has occurred 
(Ito et al. 2006).  
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Figure 2.1 Location of the study site in Xin Barag Right Banner, 
Hulunbeir, Inner Mongolia, China.  
L: light grazing area; M(F): medium grazing area (F: grazing forbidden area); H: heavy 
grazing area.  
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a 
b 
c 
Figure 2.2 Photographs of the three intensities areas in Xin Barag 
Right Banner.  
a: Heavy grazing area; b: Medium grazing area; c: Light grazing area.  
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